Resting CD4
ϩ T cells have been identified as a reservoir for replication-competent human immunodeficiency virus type 1 (HIV-1) even when suppression of HIV-1 plasma viremia by combinations of three or more antiretroviral drugs is achieved (4, 5, 8, 9, 21, 26, 27) . These cells are thought to be latently infected, having been generated by reversal of infected cells from an activated to a resting state. Ongoing viral replication during potent antiretroviral therapy has been demonstrated by episodes of detectable plasma viral RNA (6, 21) , episomal cDNA circles (22) , viral RNA transcripts (10, 11, 15, 16) , and ongoing genetic evolution (12) . This residual replication may contribute to the apparent long half-life of the reservoir by reinfection of CD4 ϩ T cells and thereby refeeding of the reservoir (14) .
We have previously shown that coreceptor usage of HIV-1 is an important determinant for T-cell tropism during untreated HIV-1 infection. Non-syncytium-inducing (NSI), CCR5-utilizing variants (R5 variants) can be isolated from CCR5 ϩ memory CD4 ϩ T cells, whereas syncytium-inducing (SI), CXCR4-utilizing HIV-1 variants (X4 variants) can be isolated from both memory and naive CXCR4 ϩ CD4 ϩ T cells (3, 24) . Since CCR5 is mainly expressed on activated CD4 ϩ T cells (2, 18) and CXCR4 is expressed at higher levels on resting CD4 ϩ T cells, it is conceivable that R5 and X4 HIV-1 variants differ in their capacity to generate a latent infection and to persist during therapy. Although the presence of both R5 and X4 HIV-1 variants in the viral reservoir has previously been reported (19) , longitudinal, quantitative data are not available to address this possibility. Here, we performed an in-depth study of the dynamics of R5 and X4 HIV-1 variants in three patients (patients 08, 14, and 15) in whom X4 HIV-1 variants had evolved before initiation of therapy.
All participants were antiretroviral therapy naive when they started a five-drug regimen consisting of zidovudine, lamivudine, abacavir, nevirapine, and indinavir. Low-dose ritonavir was added to this drug regimen to enhance indinavir concentrations in serum, seminal plasma, and cerebrospinal fluid. The drug regimen was changed in case of toxicity but consisted of at least four drugs during the entire study period. At baseline, the patients had low CD4 ϩ T cell numbers (30 to 130 cells/l), high viral RNA levels in plasma (4.5 to 5.1 log copies/ml), and a high cellular infectious load (137 to 386 tissue culture infectious dose (TCID)/10 6 CD4 ϩ T cells). After initiation of therapy, CD4
ϩ T cell numbers gradually increased and viral RNA load in plasma declined to levels below the limit of detection (5 copies/ml) (25) (Fig. 1) . Throughout follow-up, the plasma viral RNA load in general remained below the limit of detection, although episodes of intermittent detectable viremia were monitored in patients 08 and 14.
The proportion of HIV-1-infected HLA-DR Ϫ CD4 ϩ T cells was determined by cocultivation of these cells with healthy donor peripheral blood mononuclear cells (PBMC) after overnight activation with phytohemagglutinin (PHA), recombinant human interleukin 2 (IL-2), and irradiated allogeneic PBMC, as previously described (R. P. van Rij et al., submitted for publication). Briefly, after overnight activation, cells were washed and cocultivated with PHA-stimulated healthy donor PBMC under limiting dilution conditions in 96-or 24-well plates. Weekly, half of the cells were transferred to new tissue culture plates containing fresh PHA-stimulated PBMC, and culture supernatant was analyzed for p24 production. Virus could be cultured from HLA-DR Ϫ CD4 ϩ T cells at all time points, including the last time point analyzed, which was after 135, 94, and 82 weeks of therapy for patient 08, 14, and 15, respectively. After cessation of therapy for 10 weeks, plasma RNA levels increased to pretreatment levels and the cellular infectious load increased to 74 TCID/10 6 CD4 ϩ T cells in patient 15.
To study the dynamics of R5 and X4 HIV-1 virus populations during treatment, the syncytium-inducing phenotype in the MT2 T-cell line was determined during isolation of biological virus clones from HLA-DR Ϫ CD4 ϩ T cells. MT2 cells express CXCR4 but not CCR5, and infection and formation of syncytia by HIV-1 is a rapid indication of the ability to use CXCR4. When half of the cells from each well were trans-ferred to a new tissue culture plate each week, MT2 cells were added to the remainder of the cultures, and the presence of SI HIV-1 variants was assessed by visual inspection for the presence of syncytia (3, 24) .
Since all virus clones obtained at each time point were analyzed, percentages of NSI and SI HIV-1 variants reflect the in vivo distribution of cells infected with these variants. Before the start of therapy, both NSI and SI HIV-1 variants coexisted in all patients (54 to 76% of the virus clones had an SI phenotype [ Fig. 2A] ). After initiation of therapy, both NSI and SI virus variants persisted in patient 08 up to 152 weeks of therapy (36% SI phenotype). Predominantly SI HIV-1 variants were isolated from patients 14 and 15 (90 and 100% SI phenotype, respectively), but this difference was not significantly different from baseline distributions of NSI and SI variants (P ϭ 0. Coreceptor usage of the obtained virus clones was determined by cell-free infection of U87 indicator cell lines, as previously described (24) (Fig. 2B) . NSI HIV-1 clones from patient 08 were in general CCR5 restricted (R5), whereas a minority of NSI virus clones were in addition able to infect U87 cells via CXCR4 (R5X4). SI HIV-1 clones could use both CCR5 and CXCR4 (patients 08 and 15), or CCR3, CCR5, and CXCR4 (patient 08), or were restricted to CXCR4 usage (patient 14) . No selection for a specific coreceptor usage during therapy was observed.
The dependency on CCR5 for infection of primary cells was determined by the ability to infect PHA-PBMC from a healthy blood donor, lacking CCR5 expression due to a homozygous genotype for the 32-bp deletion in the CCR5 gene (CCR5 ⌬32). An absolute association of SI phenotype and the ability to infect CCR5 ⌬32 PBMC was observed (Fig. 2C) . NSI variants, either R5 or R5X4 in U87 cells, were unable to infect CCR5 ⌬32 PBMC, reflecting an absolute dependency on CCR5 for productive infection of primary CD4 ϩ T cells. The longitudinal isolation of biological R5 and X4 virus clones provided the opportunity to monitor genetic evolution within the R5 and within the X4 virus populations. A 333-bp region spanning the third variable region of gp120 was sequenced (24) , and phylogenetic analyses were performed using the Phylip package (version 3.5c and 3.6) (7). As expected, a bootstrap-supported clustering of intrapatient sequences was observed in neighbor-joining phylogenetic trees (data not shown). As previously described (23, 24) , R5 and X4 HIV-1 sequences clustered apart within the cluster of patient-specific sequences, supported by bootstrap values ranging from 87 to 100 (data not shown). In none of the patients was evidence obtained for ongoing evolution during antiretroviral treatment. Sequences obtained during therapy clustered with baseline sequences in all patients. From patient 08, sequences that were even identical to baseline sequences, of either the R5 or X4 phenotype, were isolated up to 135 weeks of treatment (data not shown). Using an approach described by Gunthard et al. (12) , we were unable to observe an ongoing evolutionary divergence from a deduced most recent common ancestral sequence. R5 and X4 HIV-1 sequences obtained after cessation of therapy for patient 15 were similar or even identical to sequences obtained before therapy.
We have previously shown that R5 HIV-1 variants are isolated mainly from memory CD4 ϩ T cells, whereas X4 HIV-1 variants are equally distributed over naive and memory CD4 ϩ T cells (3, 24) . To establish a potential role of naive CD4 ϩ T cells as a cellular reservoir for X4 HIV-1 variants under therapy, we studied whether naive cells were infected in vivo in patients 08 and 14. Patient PBMC were sorted in naive CD27 ϩ
CD45RO
Ϫ and memory CD45RO ϩ CD4 ϩ T cells and cocultivated with healthy donor PHA-PBMC. Memory CD4 ϩ T cells were infected by either R5 (patient 08) or X4 (patient 14) HIV-1 variants (Table 1) . Productive infection of naive CD4 ϩ T cells by X4 HIV-1 variants was observed for patient 08.
In this longitudinal analysis, we aimed to observe putative differences among R5 and X4 variants in genetic evolution and persistence in the reservoir of infected HLA-DR Ϫ CD4 ϩ T cells under treatment. We observed that both R5 and X4 HIV-1 variants can persist under prolonged aggressive therapy with a five-drug regimen. We were unable to observe any evidence for ongoing replication among either R5 or X4 variants by sequence analysis, although intermittent viremia as observed in two patients is suggestive of ongoing replication. We previously demonstrated a differential tropism of R5 and X4 HIV-1 variants for naive and memory CD4 ϩ T cells in the natural course of infection (24) . Due to the abundant expression of CXCR4 on naive CD4 ϩ T cells, the frequency of infected naive CD4 ϩ T cells in patients infected with X4 variants is up to 2 logs higher than in patients with R5 variants only (3). Given their longer half-life compared to memory CD4 ϩ T cells (17) , naive CD4 ϩ T cells may represent a preferred site for viral persistence, especially in patients infected with X4 HIV-1 variants. In agreement, we were able to isolate X4 virus from naive cells after 3 years of therapy, confirming a previous report of productive infection of naive CD4 ϩ T cells under treatment (19) . Finally, our data indicate that prolonged therapy with the currently available antiretroviral drugs does not result in clearance of either R5 or the more pathogenic X4 HIV-1 variants from the viral reservoir but that prolonged suppression of both variants in plasma can be achieved. Further insights into mechanisms of viral persistence in these cells are crucial for understanding and directly targeting cellular reservoirs of HIV-1.
Nucleotide sequence accession number. Sequences were deposited in GenBank under accession numbers AF355630 to AF355679 (patient 08); AF355726 to AF355748 (patient 14); and AF355680 to AF355725 (patient 15). 
